METHOD FOR SEPARATING CELLS, 
ESPECIALLY PLATELETS, AND BAG ASSEMBLY THEREFOR 

This application is a continuation of U.S. Patent Application No. 09/125,270, filed 

August 1 3, 1998, now U.S. Patent No. which is a PCT nat,onal filing fr0m PCT 

Application No. PCT/SE97/00257 claiming priority to Swedish Patent Application No. 9600713-3, 

filed February 26, 1996. 
A R FA OF INVENTION 

The present invention relates to a method and a bag assembly intended to be used in 
connection with the separation of cells, and specifically for the production of platelets from pooled 
buffy coats and in other similar areas. The invention also relates to a bag assembly therefor, which 
is efficient and inexpensive. 

PRIOR ART 

An apparatus for plasmapheresis is disclosed in EP-B 1 -0304 43 1 , and comprises a round 
bag and a centrifuge rotor specifically adapted for performing plasmapheresis. 

A further improved bag system and centrifuge separator is disclosed in WO 95/01842 and 
comprises a ring-shaped outer bag and a central inner bag which is formed from the central part of 
the ring. The outer bag is adapted to form a shortened and conical ring. The inner bag is placed in 
a rigid center part which prevents the radial expand of the inner bag, but allows it to expand 

centrifuge rotor. 


iallv when filled with liquid. The ngid center part and the shortened outer nng are placed in a 


A container assembly for washing blood cells is disclosed in US-A-5 1 14 396, comprising a 
round bag similar to the bag disclosed in EP-B1-0304 431 . The container assembly compnses, in 
addition to a ring bag and an inner bag, further bags comprising further liquids used in the washing 
process. Such further bags are placed in a central rotor compartment on top of the inner bag, and 
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are not used during the centrifugation process. When the centrifugation rotor is stopped, the liquids 
in said further bags are used for specific purposes. 

Normally, when separating platelets from a buffy coat, the separation takes place in a 
centrifuge in a G-f.eld of suitable size and during a predetermined time duration. Then, the 
centrifuge is stopped and the bags are removed from the centnfuge and finally extracted in a 
secondary step through manual proceedings. Such removal and subsequent handling will inevitably 
cause some mixing and deterioration of the separation. It is necessary in various forms of the prior 
art to include a cell filter between the centnfuge bag and the storage bag, to inhibit other cells than 
platelets from being transferred to the storage bag. 

DISCLOSURE OF THF. INVENTION 

The object of the present invention is to suggest a separation process suitable for separation 
of platelets and similar cells from a suspension and for transportation of the separated cells to a 
container while maintaining a high purity and at the same time avoid using a cell filter. 

A method of separation and a bag assembly for use in such a method are more clearly 
defined in the appended claims. 

BRIEF DESCRIPTION OF T HF, DRAWINGS 

Further features, advantages and embodiments of the invention will appear from the 
following detailed description of the invention with reference to the appended drawings in which: 

Fig. 1 is a schematic top view of a bag assembly according to the invention. 

Fig. 2 is a cross-sectional view of a centrifuge rotor together with the bag assembly of 

Fig. 1. 
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Fig. 3 is a cross-sectional view similar to Fig. 2 of an alternative embodiment of the 
invention. 

Fig. 4 is a top view of an insert provided with a bag assembly of Fig. 1 . 

Fig. 5 is a top view of an alternative bag assembly according to the invention. 

Fig. 6 is a schematic view of an insert provided with the bag assembly according to Fig. 5. 

Fig. 7 is a cross-sectional view of a centrifuge rotor provided with the insert according to 
Fig. 6 and a bag assembly according to Fig. 5. 

Fig. 8 is a schematic top view of still another bag assembly according to the invention. 

Fig. 9 is a cross-sectional view of a centnfuge rotor provided with the bag assembly 
according to Fig. 8. 

Fig. 10A is a partial cross-sectional view taken according to line 10-10 in Fig. 9, showing 
the chamber of the cell trap in an empty condition. 

Fig. 10B is also a partial cross-sectional view taken according to line 10-10 in Fig. 9, but 
showing the chamber of the cell trap in a filled condition occupying the entire recess. 

DETAILED DESCRIPTION OF PREFERRED EMBOD IMENTS 

Fig. 1 shows a bag assembly intended for production of platelets from a pooled buffy coat. 
The bag assembly comprises an essentially annular processing bag 1 , having an inlet tube 2 and an 
outlet tube 3 terminated by a platelet storage bag 4. The outlet tube is connected to an outlet 3a 
disposed at the radially inner portion of the processing bag. The annular processing bag 1 is in 
principle similar to the round bag disclosed in the above-mentioned EP-B1-0304 431, however, 
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with a middle portion removed. The annular processing bag 1 is dimensioned and shaped for being 
placed in a centrifuge of a corresponding construction, also disclosed in said EP-B 1-0304 431. The 
bag assembly is sterilized before use. 

In accordance with the prior art principle of use, at least one buffy coat storage bag is 
connected to the first bag 1 via inlet tube 2, and the buffy coat in said storage bag is transferred to 
said processing bag 1 . Preferably, the content of several such buffy coat bags, such as six bags, is 
transferred to the processing bag, dependent on the relative size of said bags. 

The connection can take place by a sterile connecting method known in the art, such as 
shown in for example EP-A3-0 508 474. Otherwise, such connection can take place by sterile 
connectors 5, one of which is shown in Fig. 1 . The exact way of transferring the buffy coat to the 
processing bag is not the object of the present invention and is not further described here. 

Then, the inlet tube 2 is closed and the processing bag 1 is placed in a centrifuge and 
processed for a predetermined time in a predetermined G- field. 

Finally, the light-weight fraction of the content of the processing bag, which is plasma 
enriched with thrombocytes, is transferred to the platelet storage bag 4 via the outlet tube 3, which 
normally comprises a cell filter, such as a filter for leucocytes, and the outlet tube is sealed and cut 
to provide the separated platelets in the storage bag 4. The remaining content of the processing bag 
is usually discarded. 

According to the present invention, the cell filter is replaced by a cell trap as described more 
closely below. 

A centrifuge rotor suitable for performing such a separation is shown in Fig. 2. The 
centrifuge rotor 10 comprises a centrifuge rotor plate 1 1 of the design shown in Fig. 2. At the 
periphery of the rotor plate 1 1, there is attached a ring 12, delimiting an annular, conically 
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depending pocket 14. The rotor plate 1 1 and the ring 12 are supported by a shaft 13 and are 
rotatable as a unit at a desired rotation speed by a motor (not shown). 

The plate is provided with a membrane 15, which covers the bottom surface 16 of the 
annular depending pocket 14. The membrane is attached to the bottom surface at the inner 
periphery and the outer periphery of the membrane via a suitable adhesive or in another appropriate 
way. Then, there is formed a space 1 7 between the bottom surface 1 6 and the membrane which 
space is closed at the inner and outer periphery. Said space 17 is connected to a tube 18 extending 
via the shaft 13 to a rotational coupling and to a fluid source. By exerting a fluid pressure via said 
fluid source and said tube 1 8 inside said space 17, the membrane can expand upwards in Fig. 2 as 
further explained below. 

The rotor plate 1 1 is provided with small studs 19 arranged in a ring close to the inner 
periphery of said membrane. The annular processing bag 1 is provided with several holes 6, which 
can engage said studs 19 as shown in Fig. 2 to place the bag 1 in position in the pocket 14 as 
shown. 

Moreover, the centrifuge rotor 10 comprises a closure portion 20 which can be placed on 
the upper surface of the ring 12 and be maintained in position via locking members 21 , similar to a 
bayonet lock. The closure portion 20 comprises a removable lid portion 22, which is attached to the 
closure portion 20 via locking members 23 similar to locking members 21. 

Closure member 20 comprises a ring portion 24, which in the assembled position prevents 
the bag from becoming free from the studs 19 as shown in Fig. 2. 

Closure member 20 further comprises a ring groove 25 close to the outer periphery as 
shown in Fig. 2. The ring groove 25 is adapted to enclose the outlet tube 3 of the bag assembly and 
place the outlet tube 3 at a radial distance from the shaft 13, which is the same or even greater than 
the processing bag 1 . The outlet tube 3 has a length sufficient for encircling the processing bag 1 by 
approximately half a turn of one revolution. Thus, the outlet tube 3 has a length which is equal to 
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half the circumference of the processing bag 1 plus some extra portions for the radial extensions. It 
is possible to use a very short peripheral portion and using mainly the radial portions for the cell 
trap operation, as well as a peripheral portion which has one revolution or more. 

Closure portion 20 encircles a central space 26, in which the platelet storage bag 4 is placed 
as well as the inlet tube 2. The lid portion 22 covers the central space 26 so that the content of the 
centrifuge rotor cannot escape during centrifugation. 

The centrifuge rotor 10 is assembled as shown in Fig. 2 at the initiation of a centrifuge 
process. The lid portion 22 is removed and the inlet tube 2 is connected to a number of buffy coat 
bags and the contents thereof are transferred to the annular processing bag 1 positioned in the 
depending pocket 14. The outlet tube 3 can be closed by a clamp 27 (shown by broken lines) so that 
no buffy coat can enter outlet tube 3 by mistake. The transfer of the buffy coat to the processing bag 
can also take place in advance, so that the bag assembly is loaded in the centrifuge already provided 
with buffy coat to be treated. 

Then, the clamp 27 is removed and the lid portion 22 is closed and the centrifuge is rotated 
to separate the contents of the processing bag 1 into a light-weight fraction enriched with platelets 
and a remainder comprising erythrocytes, leukocytes and other high density cells. Such 
centrifugation takes place at a predetermined G-field during a predetermined time, which is 
conventionally determined. There is no risk that buffy coat will enter outlet tube 3 during this 
process, since there is always enough space in the processing bag for the buffy coat. 

When the centrifugation step is completed, the membrane 15 is activated and fluid is 
introduced in space 17 below the membrane via tube 18, while the centrifuge is still rotating at the 
same speed, or alternatively at a slower speed. The membrane 1 5 urges the bag 1 towards the 
bottom portion of closure portion 20 so that the volume of the bag is decreased and the content 
thereof is passed to the outlet tube 3. It is the light-weight fraction enriched with platelets that 
reaches the outlet tube 3 first since membrane 1 5 exerts a G-force balanced pressure on the outside 
of bag 1. 
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The enriched portion enters outlet tube 3 and passes radially outwards along the tube to the 
tube portion positioned in the groove 25 and along the periphery of the groove and then finally 
radially inwards to the storage bag 4. The storage bag 4 is initially collapsed, i.e., without any 
considerable amount of air or gas inside it. When a predetermined amount of fluid has been 
pumped into the space 17 under the membrane 15, the separation process is terminated and the 
centrifuge is stopped and the storage bag is separated from the processing bag. The storage bag is 
closed and stored for subsequent use while the remaining bag and tubes are discarded. 

The outlet tube 3 acts as a cell filter, since the heavier cells, such as red and white blood 
cells, under the influence of the G-field, tend to accumulate and attach to the outer surface of the 
tube and do not follow the fluid flow, bringing with it only the platelets. Thus, the outlet tube 3 
forms a cell trap eliminating the need for using a separate cell filter as in the prior art. It is the 
positioning of the outlet tube 3 at a high G-field that makes it possible to use it as a cell trap. 

The cell trapping ability can be improved by adding an enlargement at a suitable position 
along the outlet tube. Three different embodiments of such enlargements 7,8 and 9 are shown in 
Fig. 1 and are intended to be incorporated in the outlet tube 3 as indicated. 

Such an enlargement can be arranged where the radial flow in the beginning of outlet tube 
linked into a peripheral flow when tube 3 enters the groove 25. Another convenient position is 
when the outlet tube exits the groove 25 and extends radially inwards. Of course, several cell trap 
enlargements can be arranged along the outlet tube. 

In Fig. 3 there is shown another embodiment of the centrifuge and the bag assembly 
according to the invention. In this embodiment, a central portion of the ring bag is used as the 
platelet storage bag. The bag assembly is arranged with an insert 30 already at the manufacturing 
step. The insert 30 has a shape which closely follows the interior of the closure portion 20. Thus, 
the insert and the bag assembly can be placed in the rotor and the closure portion can be attached, 
and the centrifuge is ready for operation. 
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The insert 30 has the same configuration as the insert in the prior art patent specification 
WO 95/0 1 842 mentioned above. The insert 30 has a generally cup-shaped central portion 3 1 and a 
ring-shaped outer portion 32. The ring-shaped outer portion 32 comprises a peripheral groove 33 
similar to groove 25 and enclosing the outlet tube 34. 

This embodiment of the bag assembly is preferably filled with buffy coat before being 
placed in the centrifuge. Such filling takes place via an inlet tube 35, which is then closed and 
sealed. 

The outlet tube 34 passes a magnetic valve 36, which closes and opens the outlet tube 34 at 
initiation of the filling step and ends in a storage bag 37. 

The operation of the embodiment shown in Fig. 3 is similar to the operation of the 
embodiment shown in Fig. 2 and need not be further described. The use of an insert for maintaining 
the bag assembly in a specific position makes it easier to operate the bag assembly and makes it 
more safe. Fig. 4 shows the insert 30 from below provided with the storage bag 37 in the central 
cup-shaped portion and the outlet tube 34 placed in a peripheral groove. For clarity, the annular 
processing bag is removed. 

The outlet tube 34 has a first radial portion 38 extending radially outwards to the periphery. 
Then, the outlet tube 34 includes a central peripheral portion 39 extending almost one revolution 
along the periphery. Finally, the outlet tube 34 is terminated by a radial portion 40 extending 
inwards from the periphery and to the valve member 36 positioned centrally in the insert, and then 
to the inlet of the storage bag 37. 

As clearly shown in Fig. 4, the outlet tube 34 comprises one or several enlargements or cell 

traps 41, 42, 43. 

A first type of chamber or cell trap 41 is shown between the first radial portion 38 and the 
peripheral portion 39. The cell trap extends radially and has a side connection to the peripheral 


B0048-US02 


Page 8 


portion 39. The heavier cells having a flow speed in the radial direction continue straight ahead into 
the cell trap vessel, while the light-weight fraction is deviated to the peripheral portion 39. 

A second type of chamber or cell trap 42 is shown at the middle of the peripheral portion 39 
but can be placed anywhere along the length of the outlet tube. The cell trap 42 is in principle an 
enlargement of the tube, where the heavier cells can be maintained. The flow speed in the 
enlargement is slower which means that the heavier cells will be forced outwards by the G-field and 
maintained in the cell trap. The cell trap can include some material having an affinity towards 
erythrocytes and leukocytes. The material is attached to the wall of the cell trap so that such cells 
are maintained in the cell trap when forced towards the wall having such material. 

A third type of chamber or cell trap 43 is shown at the end close to the radial portion 40. 
Cell trap 43 is in principle only an enlargement of cell trap 42, but has a shape and dimension 
suitable for maintaining such cells as desired. The space outside the flow path can be provided with 
some type of absorption material as described above. 

In Fig. 4, the outlet tube 34 and the cell traps 41, 42, 43 are positioned at the same or close 
to the same radial distance as the outer edge of the processing bag. 

By using one or several of the cell traps shown above, a specific cell filter can be avoided in 
relation to prior art. Such cell filters are expensive. Thus, the cell trap according to the present 
invention provides an economic advantage while maintaining a high separation capacity. 

Another way of forming a cell trap is shown in more detail in Fig. 5. The round bag 
assembly 50 is divided in two portions by an annular weld 51 provided on the round bag as shown 
in Fig. 5. The first inner portion 52 is the processing bag proper where the separation takes place, 
and the outer portion 53 forms a cell trap according to the present invention. 

The processing inner portion 52 is filled with buffy coat via an inlet tube 54 as described 
above. The inlet tube 54 is then closed, for example heat sealed. 
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After centrifugation, there is exerted a pressure on the inner bag portion 52, whereby the 
content thereof is transferred via an outlet tube 55 to the inner portion at one side thereof and then, 
along the entire periphery of the outer bag portion to the other end thereof and then to a storage bag. 
Thus, the outer bag portion 53 operates as a cell trap. 

In Fig. 6 there is shown an insert 60 for retaining the bag assembly 50 according to Fig. 5 in 
position. The different portions of the bag assembly are attached to the insert via adhesive pads 61 
as shown to the left in the figure. As appears from Figs. 5 and 6, the different portions of the bag 
assembly are manufactured in one step from two or three sheets of plastic material and provided 
with separation and sealing weldings at desired positions in one and the same step. Thus, the bag 
assembly is very inexpensive to manufacture. The bag assembly is then divided in its separate parts 
and mounted to an insert to maintain integrity during subsequent transport and handling. 

The insert is placed in a centrifuge rotor 70 as shown in Fig. 7. The operation of the 
centrifuge is similar to that described above, and need not be further described. However, the 
annular processing bag has an inclination in another direction compared to Fig. 3 as is evident from 
Fig. 7. 

Turning back to Fig. 5, there is shown by broken lines 56 that the outer periphery of the 
outer bag portion 53 can be provided with a sinuous outer borderline. This borderline will generate 
spaces 57 with stagnant flow, where more dense cells can accumulate. Once trapped in such a space 
57, the heavier cells, leucocytes, will remain therein, while the lighter cells, platelets, will follow 
the flow of plasma. Generally, leucocytes have a tendency to attach to the wall surface of the plastic 
material, which further aids the separation. It is of importance that the radially inner borderline of 
the outer bag portion 53 is smooth and has no discontinuities, so that the flow of plasma and 
platelets can take place without any hindrance. 

The cell trap according to the invention can also be arranged without any peripheral portion 
and only use the feature that the flow in the outlet tube 3 first is radially outwards and then changes 
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the direction 180° and continues radially inwards. The heavier cells, leukocytes, will have difficulty 
to follow such a change of direction and the lighter cells, platelets, will follow the flow. Thus, a 
separation will take place. Such an embodiment can be obtained from Fig. 4 by combining 
chambers 41 and 43 to a single chamber and excluding the peripheral tube 34, 39 etc. 

Another more elaborate embodiment is shown in Fig. 8. The bag assembly 80 compnses a 
nearly annular processing bag 81, an outlet tube 83 and a platelet storage bag 84, The cell trap 
according to the invention comprises a first radial tube portion 85 followed by a chamber 86 and 
ended by a connection tube 87 to the platelet storage bag 84. The chamber 86 is made from the 
material between the ends of the nearly annular processing bag 81 as appears from Fig. 8. To the 
left of the symmetry line is shown a triangular shape 89 and to the right of the symmetry line is 
shown a more rectangular shape 88, Preferably, the chamber 86 is symmetrical. 

In Fig, 9 there is shown a centrifuge rotor 90 provided with the bag assembly 80 of Fig. 8 
arranged at an insert 82. As in the embodiment of Fig. 2, the rotor cover is made up of two separate 
portions 91 and 92. Between the two portions 91 and 92, there is arranged a recess 93 suitable for 
enclosing the chamber 86, as shown in Fig. 10A, where the chamber 86 is placed in position in the 
recess in an empty, collapsed condition. As appears from Fig. 9, the recess 93 has a complementary 
shape to the chamber 86, so that, when the chamber 86 is filled with liquid, the recess 93 supports 
the chamber, as shown in Fig. 10B. 

The operation of the embodiment according to Fig. 8 and 9 is similar to the previous 
embodiments. The buffy coat is introduced in the processing bag 81 and the bag assembly 80 is 
placed inside the rotor centrifuge in an annular chamber 94, and the separation process is 
performed. After separation, a magnetic valve 95 opens the outlet tube 83 and the separated fraction 
is given off via the outlet tube 83 to the end of chamber 86 via the radial tube portion 85. Then, the 
fraction flows radially inward through chamber 86 under the influence of a G-field while the rotor 
is still rotating. The more dense cells are separated and the less dense cells follow the fraction and 
are given off to the storage bag 84. 
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The rotor cover portions 91 and 92 are provided with guide pins 97 and corresponding holes 
so that the mutual relationship between the two portions are always obtained. This will ensure that 
the recess 93 will always be formed between the two cover portions. 

The upper walls of the chamber 86 (seen according to Fig. 8) are preferably inclined as 
shown in Fig. 8 to form a funnel-like outlet portion. 

As appears from Fig. 9, outlet tube 83 and connection tube 87 are placed in a recess 96 in 
one of the cover portions 91 at the periphery thereof. 

As is clear from the above description, the bag assembly 80 is placed in an insert 82 of a 
shape corresponding to the bag assembly and the rotor construction. Thus, the bag assembly can 
easily and conveniently be placed in the correct position in the rotor and the cover portions can be 
placed in position. As previously, the bag assembly is maintained to the insert by adhesive tapes 
arranged at necessary positions. The tube portions are placed in channels preformed in the insert. 
The insert is preferably made by a vacuum molding process. 

It is possible to use the invention for separating other types of cells, such as stem cells. 
Stem cells are also included in the buffy coat and will be separated during the centrifugation. In 
this case, it is necessary to first remove the transparent fraction which essentially includes plasma, 
platelets and leucocytes. When the fraction turns red, the first light cells are stem cells. 

For obtaining stem cells, it is necessary to include two collection bags attached to the outlet 
or connection tube, one 58 for taking care of the transparent fraction, and one 59 for the stem cell 
fraction. Moreover, the centrifuge comprises two magnetically operated valves 68, 69 one for each 
collection bag. The insert and the centrifuge rotor includes a window 67 through which the outlet 
tube portion connected to the first collection bag 58 is visible. When it is determined that the 
content of said outlet tube portion becomes red, this is an indication that the stem cell portion has 
reached this position, and the magnetic valves are reversed so that the outlet flow is directed to the 
other collection bag 59 for collection of stem cells. The collection continues until a predetermined 
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volume has been collected, whereupon the process is terminated. Such a volume can be about 50 ml 
for a buffy coat volume of 500 ml. When such a volume has been collected it has been determined 
that the stem cell suspension is optimally enriched. There is no possibility to determine when the 
stem cells are followed by red blood cells, erythrocytes, since there is no significant color difference 
between these two types of cells. 

During the process of obtaining stem cells it is of great importance not to use too high an 
outlet flow, since this flow will disturb the separation in the processing bag. A higher outlet flow 
can be used in the initial flow of transparent fraction since this fraction is discarded. Of course, it is 
possible to first collect the platelet enriched fraction, then discard the leucocyte fraction, and finally 
collect the stem cell fraction. This operation will require three collection bags. 

Of course, it is convenient to use the spare material at the middle of the annular processing 
bag for forming the collection bag for the leukocyte fraction, since it is otherwise only discarded. 
The material in the collection bags is determined according to the intended use and is any 
conventional material used for such purpose. The material in the processing bag is PVC or similar 
material. 

The invention has been described above with reference to specific embodiments of the 
invention. However, the different features of the embodiments can be combined in different 
manners and such combinations should be included within the scope of the invention. The 
invention is only limited by the appended patent claims. 
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